Distributed hydrological models are usually calibrated against the measured outflow of a certain drainage area, provided flow data is available. A close match with flow does however not mean that the spatially distributed hydrological processes are properly understood and simulated. In this paper, remotely sensed precipitation, 
only. As far as the authors are aware, SWAT-CUP has not yet been applied with remote sensing data. The current paper investigates how SWAT can be set up for assessing ecosystem services in ungauged basins using remote sensing data.
Several review papers on remote sensing technology for hydrology (e.g. Pietroniro 2007) showed methodologies to determine Leaf Area Index (LAI) from remote sensing data. In this Vietnamese case study, remotely sensed precipitation, ET and LAI data sets were used to improve SWAT modelling performance. Future studies should also include soil moisture, net primary production and water quality estimates, based on remote sensing data. The flow rates in the main river course will be used to verify the surface runoff and baseflow computations of SWAT. The annual total precipitation is around 1700 mm/yr and reference evapotranspiration (ETo) is approximately 1100 mm/yr.
The climate in the Day Basin has a monsoonal character. The wet season lasts from May to September and dry season from
October to April. Precipitation can reach up to 450 mm per month in some parts of the basin, and as low as a few mm during January and February (Fig. 2) . Precipitation is measured at nine stations across the basin and is available up to 2013. These 20 measurements will be used to validate the open access precipitation product based on satellite measurements.
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The meteorological data set includes daily estimates of solar radiation, wind speed, air temperature (maximum, minimum) and relative humidity. The data set was derived from the Global Land Data Assimilation System (GLDAS). GLDAS simulates meteorological data with a numerical weather prediction model having a cell size of 0.25 degrees. The NOAH land surface model coupled to an atmospheric boundary layer model assimilates satellite and in situ measurements to produce various land surface states and fluxes (Rodell et al., 2004) . In this study, 3-hourly meteorological data was downloaded and integrated into 5 daily time step. The irrigation water withdrawals for irrigated rice in the Day Basin are rather difficult to assess because various pumping 10 stations lift water from the Red river, and also many upstream inlets divert water from the Red river gravitationally. This diffusive and unmetered water withdrawals complicates the computation of the irrigation hydrology and the water accounts related to that. However, by optimizing the ET values in SWAT-CUP, estimates of withdrawals can be made realistically.
Model and Methodology

Soil and Water Assessment Tool (SWAT) 15
The Soil and Water Assessment Tool i.e. surface runoff, groundwater recharge, baseflow, ET, erosion and storage change. The production of food, feed and timber, and the sequestration of carbon that is associated with it is also simulated. SWAT estimates the fate and transport of nutrients, sediment, pesticides, and bacteria in both land and water phases (Raj et al., 2010) . This mathematical framework provides a great basis for the determination of various ecosystem services and SDG indicators. The soil water balance was conceptualized in SWAT using following Eq. (1) as described in Neitsch et al., 2011: 5
In which t is the time (days), SWt is the final soil water content at day t (mm H2O); SWo is the initial soil water content, P is the amount of precipitation, Qsurf is the amount of surface runoff, Ea is the amount of actual evapotranspiration, wseep is the amount of percolation entering the vadose zone from the soil profile, and Qgw is the volume of streamflow originating from groundwater, all measured in mm H2O on day i. The reference evapotranspiration is computed with GLDAS meteorological 10 input data that was also used for the determination of Figure 1 . SWAT does not allow reading layers of ET0 directly, and therefore meteorological records need to be specified. The equations for reference ET in SWAT are following the Penman Monteith method, as described in Neitsch et al., (2011).
Model calibration using SWAT-CUP
The calibration of a semi-distributed and physical based model such as SWAT requires various model parameters to be 15 optimized to ensure a rigorous representation of a basin's processes, e.g. streamflow, ET, ecological change, etc. The Based on the distribution of land slope, soil type and land use classes, the basin is divided into 119 sub-basins and 7909 HRUs.
Meteorological data
Precipitation
Satellite precipitation data offers an attractive alternative to supplement in situ precipitation measurements in hydrological 
Actual evapotranspiration
The most common global scale ET data set, developed with energy balance models using remote sensing data as input, is GVMI was applied to account for actual soil and vegetation conditions. This method is generally empirical and aims to develop an ET dataset that is independent from land cover classification. Because existing global scale ET products have different predictive capabilities, and there is no reliable ground truth data set 10 available to select any one of them, an ensemble ET product has been created on the basis of a simple linear average value for the Day Basin. The ensemble ET product used in this study is based on the combination of SEBS (5km x 5km), CMRSET (5km x 5km), SSEBop (1 km x 1 km) and MOD16 data (1km x 1km) and has a spatial resolution of 1 km x 1 km grid. A finer ET map is deemed necessary to assess water balances at HRUs spatial level. The same downscaling procedure as described in CMRSET using the Enhanced Vegetation Index (EVI) and Global Vegetation Moisture Index (GVMI) was applied. The water balance and the regulating role of lakes and reservoirs on river discharge. During the dry season, ET was much higher than precipitation, hence the displayed scaled differenced from the yearly average and the seasonal wet period. The interim 10 conclusion is that the ensemble ET product generated from linear average SEBS, CMRSET, SSEBop and MOD16 provided accurate and most stable results for the Day Basin. Accordingly, the ensemble ET data was tested further before used in the SWAT-CUP optimization process.
15
Hydrol (Fig. 7) . The Kc values falling within the recommended range indicate that the ensemble ET performed well for the Day Basin and can be used for model calibration and later analyses.
Leaf Area Index 5
Leaf area index (LAI), defined as the area of green leaf per ground area, is an important variable for eco-hydrological modelling Table 1 . Since the purpose of this study is to calibrate the model for ET and LAI, the model parameters to be optimized were divided into two groups: ET and LAI. This grouping indicates which parameters are most sensitive to ET and LAI and thus suitable for optimizing the model performance for these two processes. The list is long because one parameter might control more than 15 one process, e.g. the available water capacity of soil layers effects the generation of surface flow but also determines the amount of water that is evaporated (ET). SWAT-CUP automatically optimizes the selected parameters within their predefined range, hence this aspect of parameter selection is following the default guidelines of the tool. The monthly simulation for the entire Day Basin is presented in Figure 11 . The observed values relate satisfactory to the ensemble ET values. Their peak values do not exceed 140 mm/month, while the modelled ET is as high as 160 mm/month.
Another observation is that the lower ET values simulated during winter are always lower than the observed values from remote sensing. This could be related to the dry period in which SWAT computes water stress due to a lack of soil moisture. 5
This could suggest that the storage capacity of the soil in reality is higher, or it could also be related to lower vertical water fluxes between the top soil, sub-soil and the unconfined shallow aquifer, or the sensitivity of vegetation to soil moisture. A very low reference ET0 during winter could also be an explanation. SWAT-CUP ensured that the spatial patterns match rather well. Some local differences occur unavoidably due to the limited set of ET related parameters (n=4) that were optimized. The agreement between SWAT and remote sensing data was expressed by means of the correlation coefficient and the bias. 10
In very general terns, the set of ET related equations in SWAT has a limited capacity to mimic the complex processes of soil evaporation, plant interception and plant transpiration that occur in reality due to the dynamic meteorological and hydrological processes. The good agreement reveals that both the ET formulations in SWAT as well as the SWAT-CUP optimization techniques are adequate. The same conclusion was drawn earlier by other researchers that validate SWAT on the basis of ET 15 data series. Considering the uncertainty of the hydrograph, the agreement between simulated river flow and station discharge 10 measurements is good. Measured river flow data were not used in the calibration process, which shows that a good simulation of ET will make it possible to calculate flows directly (Streamflow and ET being the two largest components of the water balance) without having to optimize flow in the calibration process.
Hydrol The total water balance for the basin in an average precipitation year is showed in Table 2 . The same information for a dry During the Summer-Autumn paddy rice season, the water intake is concentrated in July with an amount of 113 mm per month. 15
The total storage change ∆S indicates the difference between all inflow and outflow terms. ∆S during 2003 to 2013 for unsaturated and saturated zones are 11.7 and 9.6 mm/yr respectively due to the fact that there is water locally stored in lakes, streams and also moving within the saturated layers to the deep aquifer.
Hydrol Further to the water balance simulations of SWAT, the vegetation response to water can be evaluated by means of a comparison of the simulated LAI (see Fig.14) . The timing of the green cover development seems acceptable. The peak LAI values during Spring 2005 and 2006 do, however, not agree very well. This may be due to constancy of the LAI related calibration parameters for all the different simulation years. It would be better to make the maximum LAI parameter variable to enable it to better 5 respond to years with weather anomalies. A good description of LAI evolution will improve the timing of rice emergence, which in turn affects the irrigation and transpiration processes. 
Conclusions
The availability of precipitation, ET and LAI gridded data from open access -or partially open access -earth observation data platforms makes it feasible to calibrate soil and vegetation process parameters of eco-hydrological models, also when rivers 5 are ungauged. This paper demonstrates that SWAT and SWAT-CUP meet the requirements for modelling and optimizing the bio-physical processes in data scarce basins. The essential bio-physical processes of the unsaturated zone and exchange processes that could be verified, seem to be adequately described in SWAT, otherwise there would not have been such a good agreement with the remote sensing parameters. The hydrological formulations in SWAT are thus adequate for simulating ecohydrological processes. It is recommend that maximum LAI is made variable for every year of simulation. 10 SWAT-CUP has the right design to optimize 15 model parameters simultaneously in a distributed manner. In the near-future, spatial data on soil moisture, net primary production and water quality will become available as well, and this will further enrich the calibration procedure. As far as the authors are aware this is the first time that the automated SWAT-CUP routine is applied with remote sensing data. The contribution of this paper is that SWAT-CUP can facilitate and standardize the 15 calibration process for basins with scant field data, and that essential bio-physical parameters are estimated for every Hydrological Response Unit.
The ensemble ET product needs more research. In this study, four individual ET models were averaged linearly to match the simulations of ET from SWAT. In other studies, different and several (four to seven) ET models were included. By undertaking 20 more studies, progressive insights on averaging of individual estimates will arise. The integration of SWAT-CUP with earth observation data will make it feasible to swiftly estimate surface runoff, erosion, groundwater recharge, baseflow, storage changes, withdrawals, and carbon assimilation. This is a principal data set required to quantify ecosystems services, and optimize the economic profits while conserving the environment. The availability of the system parameters will allow future predictions of the basin water cycle in response to external factors such as climate and land-use changes and computing scenario's for green growth. 
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